Import of mitochondrial matrix proteins involves the general translocase of the outer membrane and the presequence translocase of the inner membrane. The presequence translocase-associated motor (PAM) drives the completion of preprotein translocation into the matrix. Five subunits of PAM are known: the preproteinbinding matrix heat shock protein 70 (mtHsp70), the nucleotide exchange factor Mge1, Tim44 that directs mtHsp70 to the inner membrane, and the membrane-bound complex of Pam16-Pam18 that regulates the ATPase activity of mtHsp70. We have identified a sixth motor subunit. Pam17 (encoded by the open reading frame YKR065c) is anchored in the inner membrane and exposed to the matrix. Mitochondria lacking Pam17 are selectively impaired in the import of matrix proteins and the generation of an import-driving activity of PAM. Pam17 is required for formation of a stable complex between the cochaperones Pam16 and Pam18 and promotes the association of Pam16-Pam18 with the presequence translocase. Our findings suggest that Pam17 is required for the correct organization of the Pam16-Pam18 complex and thus contributes to regulation of mtHsp70 activity at the inner membrane translocation site.
Mitochondria possess about 900 different proteins in yeast and about 1,500 different proteins in humans (34, 42, 44) . Ninety-nine percent of the proteins are synthesized on cytosolic ribosomes. Studies of the past years revealed the existence of multiple protein import pathways into the four mitochondrial subcompartments: outer membrane, intermembrane space, inner membrane, and matrix (8, 15, 16, 18, 20, 29, 33) . A major pathway is used by preproteins carrying the classical amino-terminal presequences that direct translocation into the matrix and are removed by the mitochondrial processing peptidase. These cleavable preproteins use the general translocase of the outer membrane (TOM complex), which contains surface receptors and the import channel Tom40, and then engage the specific presequence translocase of the inner membrane (TIM23 complex). The membrane potential ⌬ across the inner membrane drives the translocation of the presequences through the TIM23 complex. Some cleavable preproteins contain a hydrophobic stop-transfer signal behind the positively charged presequence (13) . Those preproteins are laterally released from the TIM23 complex and are thus sorted into the inner membrane. Most preproteins with a presequence, however, do not carry hydrophobic sorting signals and are thus completely translocated into the mitochondrial matrix. This transport strictly requires the presequence translocase-associated motor (PAM) (26, 36) .
The presequence translocase contains four different integral proteins of the inner mitochondrial membrane (4, 10, 18, 30, 36, 48) : the channel-forming protein Tim23; Tim50 that cooperates with Tim23 in binding of preproteins on the intermembrane space side; Tim17 that plays a dual role in promoting protein sorting into the inner membrane and binding of PAM subunits to the translocase; and Tim21 that transiently connects the TIM23 complex to the TOM complex. The TIM23 complex switches between two functional states: a sortingcompetent form and a matrix-import form. While Tim17, Tim23, and Tim50 are present in both forms of the TIM23 complex, Tim21 is present in the sorting-competent form but absent in the PAM-associated matrix-import form of the TIM23 complex (4) . The TIM23 complex thus alternates between binding of Tim21 and PAM.
Five subunits of PAM are known. Three subunits, mtHsp70, Pam18 (Tim14), and Mge1, share significant homology with the classical Hsp70 system of bacteria, consisting of DnaK, DnaJ, and GrpE (2, 14, 27) . The matrix heat shock protein 70 (mtHsp70) forms the ATP-driven core of the motor and binds the precursor polypeptide chain like DnaK (24, 32, 46) . Pam18 contains a J-domain that stimulates the ATPase activity of mtHsp70 similar to the bacterial DnaJ (7, 31, 45) . The mitochondrial GrpE (Mge1) promotes nucleotide exchange like its bacterial homolog (27) . In contrast to the soluble Hsp70 system of bacteria, however, Pam18 is a membrane protein which is associated with the TIM23 complex via interaction with Tim17 (4) and thus activates mtHsp70 close to the preprotein exit site of the presequence translocase. Moreover, PAM shows a significantly higher complexity than the DnaK system since two further subunits have been identified, both of which are proteins specifically associated with the presequence translocase. Tim44 functions as a dynamic membrane binding site for mtHsp70 molecules and thus directs the chaperone to the preprotein channel (24, 26, 32, 46) . Pam16 (Tim16) forms a complex with Pam18 and controls the activity of this stimulating subunit (9, 21, 23) . Recently, a further matrix protein, Zim17 (Tim15/Hep1), was identified that interacts with mtHsp70; Zim17 is not associated with the presequence translocase but plays a more general role in preventing aggregation of matrix Hsp70s, including mtHsp70 (Ssc1) and Ssq1 (3, 41, 49) .
Different views exist about the molecular mechanism of mtHsp70 function, either as a molecular ratchet or as a more complicated multistep motor (8, 12, 24, 26, 32, 36, 46) . A mechanistic characterization of the mitochondrial import motor, however, requires that all components of PAM have been identified and their functional contribution to the import-driving activity has been characterized. Here we report the unexpected identification of a further presequence translocase-associated protein that classifies as a PAM protein. Pam17 is selectively required for protein translocation into the mitochondrial matrix. Pam17 plays a specific role in organizing the Pam16-Pam18 complex and thus is required for the importdriving activity of the import motor. Therefore, the mitochondrial motor is one of the most complicated Hsp70 systems known.
MATERIALS AND METHODS
Yeast strains and growth conditions. Saccharomyces cerevisiae strains were grown in YP medium (1% [wt/vol] yeast extract, 2% [wt/vol] bactopeptone) containing either 3% (wt/vol) glycerol (YPG) or 2% sucrose (YPS). For plate growth assays, synthetic medium containing 3% glycerol was used. Deletion of PAM17 was achieved by replacing the corresponding chromosomal open reading frame YKR065c (FMP18) in the S. cerevisiae strain YPH499 with a HIS5 marker, yielding the strain pam17⌬ (IP18⌬) (MATa ade2-101 his3-⌬200 leu2-⌬1 ura3-52 trp1-⌬63 lys2-801 pam17::HIS5). pam17⌬ cells were grown at 24°C unless indicated otherwise. Strains containing a C-terminal protein A tag on Tim18 (37), Tim21 (4), or Tim23 (10) have been described before. For purification of the TIM23 complex, a plasmid encoding Tim23 with a C-terminal protein A tag (10) was transformed into pam17⌬. For purification of the TOM-TIM23-PAM supercomplex, the yeast strain MR103 containing histidine-tagged Tom22 (28) was used. The temperature-sensitive mutant allele tim17-5 has been described previously (4). The tim17-5 mutant strain harboring a protein A-tagged version of Tim23 and the corresponding wild type were grown in synthetic medium containing 2% sucrose at 24°C.
Isolation and analysis of mitochondria. Mitochondria were isolated by differential centrifugation. For protein localization studies, mitochondria were treated with proteinase K after osmotic swelling, sonication, or lysis with Triton X-100 or were treated with sodium carbonate (pH 11.5) as described previously (9, 38) . Steady-state levels of mitochondrial proteins were analyzed by separation via sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting. Mitochondrial membrane protein complexes were analyzed by blue native electrophoresis (BN-PAGE) on 6 to 16.5% gradient gels as described previously (6) .
Purifications of TIM23 and TIM22 complexes via protein A tags on Tim23, Tim21, or Tim18, respectively, were performed according to previously published methods (4, 10, 37) . Purification of the TOM-TIM23-PAM supercomplex was carried out as described previously (5) .
In vitro protein import. 35 S-labeled precursor proteins were synthesized in rabbit reticulocyte lysate and imported into isolated mitochondria as described previously (38) . b 2 (120)-DHFR (B40) was constructed from the fusion protein b 2 (220)-DHFR (47) by deleting the region coding for amino acid residues 86 to 185 (containing the heme-binding domain of cytochrome b 2 ). For generation of the TOM-TIM23-PAM supercomplex, cytochrome b 2 (167) ⌬ -DHFR was imported in the presence of 5 M methotrexate (5). Inward-directed import driving activity assays were performed as described previously (4) .
Miscellaneous. In gel digestion, nano-high-performance liquid chromatography separation of peptides and mass spectrometry were performed as described previously (10) . Anti-Pam17 antibodies were raised in rabbits against the mature protein purified from inclusion bodies. Membrane potential measurements were carried out as described previously (11) . Amino acid sequence alignments were made using the ClustalW software. In some figures, irrelevant gel lanes were excised by digital processing. Figures were prepared by using ImageQuant 5.2 (Amersham), Adobe Photoshop CS 8.0, and Adobe Illustrator CS 11.0.0.
RESULTS
Identification of the mitochondrial inner membrane protein Pam17. We purified the TIM23 complex and associated PAM from S. cerevisiae mitochondria carrying a protein A tag at Tim23 (Fig. 1A , lane 2) (4, 9, 10, 45). Besides the known subunits of TIM23-PAM, we identified a novel protein by mass spectrometry, encoded by the open reading frame YKR065c. This protein, designated Pam17, migrates like Tim17 on most gels and thus has escaped detection in previous studies. In the high-resolution gel used here, Pam17 migrates in a separate band. Additional protein bands found in the purified fraction included fragments of larger TIM23-PAM proteins and a contaminating fraction of the highly abundant inner membrane protein ADP/ATP carrier (Fig. 1A , lane 2) (9, 10). The deduced primary structure of Pam17 consists of 197 amino acid residues, including a putative mitochondrial presequence and two predicted hydrophobic segments of sufficient length to function as transmembrane segments (Fig. 1B) (19) . Pam17 shows homology to proteins of other eukaryotic species (Fig.  1C) .
Upon treatment of isolated yeast mitochondria at pH 11.5, Pam17 fractionated in the membrane pellet like the integral proteins Tim23 and Tim50, while the peripheral membrane protein Tim44 was extracted (Fig. 1D ). For an experimental determination if Pam17 carried a cleavable presequence, we synthesized and radiolabeled the precursor of Pam17 in rabbit reticulocyte lysate. The precursor migrated more slowly on SDS-PAGE than mature Pam17 detected by Western blotting (Fig. 1E , lanes 1 and 2). Upon incubation of the precursor with isolated mitochondria in the presence of a membrane potential (⌬), Pam17 was processed to the mature-sized form (Fig. 1E , lanes 3 to 5). Upon dissipation of ⌬, the processing of Pam17 was inhibited (Fig. 1E, lane 6) . Thus, Pam17 behaves as an inner membrane protein synthesized with a presequence. When mitochondria were subjected to swelling in order to open the intermembrane space, Pam17 remained protected against added protease like the matrix-exposed Tim44 while Tim23 and Tim21 became accessible to the protease (Fig. 1F , lanes 5 and 6). Upon sonication of mitochondria to open the matrix, Pam17 was digested by the protease (Fig. 1F , lanes 8 and 9). We conclude that Pam17 is anchored in the mitochondrial inner membrane and exposed to the matrix.
Pam17 cofractionates with the import motor. The purification of tagged Tim23 from digitonin-lysed mitochondria leads to the copurification of TIM23 and PAM subunits (4, 9, 10, 45) . To obtain evidence of whether Pam17 is a TIM or a PAM protein, we purified the sorting-competent but PAM-free form Digitonin extracts were subjected to immunoglobulin G affinity chromatography. Bound proteins were eluted with ammonium acetate buffer, pH 3.5, separated by SDS-PAGE, and stained with colloidal Coomassie. Proteins were identified by mass spectrometry (10) . AAC, ADP/ATP carrier. (B) Predicted primary structure of the Pam17 precursor protein of S. cerevisiae. Broken line, predicted presequence; boxes, predicted transmembrane segments. (C) Sequence alignment of Pam17 from S. cerevisiae (Sc) to proteins from Schizosaccharomyces pombe (Sp), Neurospora crassa (Nc), and Caenorhabditis elegans (Ce). Black or gray boxes indicate amino acid residues that are identical or similar, respectively, in at least three out of four sequences. (D) Mitochondria were subjected to treatment with sodium carbonate at pH 11.5. Samples were left on ice (total, T) or separated into pellet (P) and supernatant (S) by centrifugation at 100,000 ϫ g. (E) 35 S-labeled Pam17 precursor (sample 1) was incubated with wild-type mitochondria for the indicated times (samples 3 to 6) in the presence or absence of a membrane potential (⌬). Samples 3 to 6 were subsequently treated with proteinase K and analyzed by SDS-PAGE and digital autoradiography. As a control, a Western blot of the mature Pam17 protein is shown (lane 2). p, precursor; m, processed mature protein. (F) Isolated yeast mitochondria (Mitoch.) were subjected to osmotic swelling (samples 4 to 6), sonication (samples 7 to 9), or lysis with Triton X-100 (samples 10 to 12) and were treated with proteinase K (Prot. K) as indicated. Samples were analyzed by SDS-PAGE and Western blotting. VOL. 25, 2005 MITOCHONDRIAL IMPORT MOTOR 7451 of the TIM23 complex via tagged Tim21 (4). While the subunits of the TIM23 complex like Tim17 and Tim50 copurified with Tim21, none of the motor subunits was found in the purified fraction in significant amounts, shown here with Pam18, Tim44, and mtHsp70 ( Fig. 2A, lane 6 ). Pam17 fractionated like the motor subunits, i.e., was copurified in significant amounts together with Tim23 but not with Tim21 ( Fig.  2A , lanes 4 and 6). As a further control, we purified the second translocase complex of the inner membrane, the TIM22 complex (carrier translocase), via tagged Tim18 (37) . None of the subunits of TIM23 or PAM, including Pam17, copurified with the TIM22 complex ( Fig. 2A, lane 2) . To obtain independent evidence for the cofractionation of Pam17 with the import motor, we made use of a specific yeast mutant of Tim17. Chacinska et al. (4) reported that Tim17 is required for the interaction of PAM with the TIM23 complex. In tim17-5 mitochondria, the association of PAM subunits, including Pam16, Pam18, Tim44, and mtHsp70, with the TIM23 complex is strongly impaired. Pam17 behaved like the other PAM subunits since its copurification with tagged Tim23 was strongly reduced in tim17-5 mitochondria, while TIM subunits, such as Tim21 and Tim50, remained associated with the TIM23 complex (Fig. 2B, lane 6) .
To determine if Pam17 was present in an active protein import complex, we accumulated chemical amounts of a preprotein in mitochondrial import sites. When the model preprotein b 2 (167) ⌬ -DHFR, consisting of a matrix-targeted amino-terminal portion of the precursor of cytochrome b 2 and the passenger protein dihydrofolate reductase (DHFR), is incubated with the DHFR ligand methotrexate, the DHFR moiety cannot be unfolded by the mitochondrial import machinery. Thus, the amino-terminal portion of the preprotein accumulates in a two-membrane-spanning fashion in mitochondria, leading to the formation of a stable preprotein-TOM-TIM23-PAM supercomplex (5, 9, 10, 45) . Under these conditions TIM23 and PAM are copurified with tagged Tom22, shown here with the copurification of Tim50 and Tim44 (Fig. 2C,  columns 11 and 15) , while in the absence of the two-membrane-spanning preprotein the yield of copurification is strongly reduced (Fig. 2C, columns 12 and 16 ) and close to the background level observed with the control proteins ADP/ATP carrier and porin (Fig. 2C , columns 17 to 20). Pam17 was specifically copurified with tagged Tom22 in the presence of the accumulated preprotein (Fig. 2C , samples 5 and 13), demonstrating its presence in the preprotein-TOM-TIM23-PAM supercomplex. We conclude that Pam17 is present in an active protein import complex and cofractionates with PAM subunits.
Pam17 is required for protein transport to the matrix but not the inner membrane. We generated a yeast mutant lacking the open reading frame of PAM17. The resulting cells grew slowly on nonfermentable medium (Fig. 3A) . Mitochondria were isolated from the mutant cells grown at 24°C. The steadystate levels of TIM proteins and PAM proteins were comparable between wild-type and mutant mitochondria (Fig. 3B) . The import of matrix proteins, however, was strongly impaired in pam17⌬ mitochondria, including the F 1 -ATPase subunit ␤ (F 1 ␤) and b 2 (167) ⌬ -DHFR ( Fig. 3C and D) . Upon re-expression of Pam17 from a plasmid in pam17⌬ cells, full protein import activity was restored (data not shown).
To exclude that the import inhibition in pam17⌬ mitochondria was indirectly caused by a reduction of ⌬, we assessed the membrane potential with the potential-sensitive dye 3,3Ј-dipropylthiadicarbocyanine iodide [DiSC 3 (5)] (11). Wild-type and pam17⌬ mitochondria showed a similar efficiency of fluorescence quenching (Fig. 4A) , indicating that the mutant mitochondria were able to generate a ⌬. We then analyzed two cleavable preproteins, cytochrome c 1 and b 2 (120)-DHFR, that are inserted into the inner membrane by the TIM23 complex but do not require PAM. Both preproteins contain a hydrophobic stop-transfer sequence behind the positively charged matrix-targeting signal and are thus arrested in the inner membrane (1, 9, 13, 47), while the stop-transfer signal has been deleted in b 2 (167) ⌬ -DHFR. Cytochrome c 1 and b 2 (120)-DHFR were imported into pam17⌬ and wild-type mitochondria with similar efficiency (Fig. 4B and C) .
Thus, mitochondria lacking Pam17 show a characteristic defect of PAM, i.e., inhibition of matrix import while inner membrane sorting can take place. Together with the cofractionation of Pam17 with the PAM subunits, we conclude that Pam17 is a new subunit of the mitochondrial import motor. Pam17 is required for organization of the Pam16-Pam18 complex and import motor activity. To obtain evidence for a possible role of Pam17 in vivo, pam17⌬ cells and the corresponding wild-type cells were grown at elevated temperature (37°C) and the protein levels of isolated mitochondria were compared. We observed a reduction in the steady-state level of Pam18 in pam17⌬ mitochondria, while the levels of all other proteins analyzed were not significantly decreased, including Pam16, mtHsp70, Tim44, all subunits of the TIM23 complex, and control proteins for the outer and inner membranes (Fig.  5A ). This finding pointed to a possible role of Pam17 in maintaining the stability of Pam18. To exclude indirect effects due to lowered levels of Pam18, all other experiments with pam17⌬ mitochondria reported here were performed with mitochondria isolated from cells grown at low temperature.
We asked if Pam17 may be involved in the association of PAM subunits with the TIM23 complex. TIM23-PAM was purified from wild-type and pam17⌬ mitochondria via tagged Tim23 (Fig. 5B) . While the yield of copurification of the TIM23 subunits as well as Tim44 and mtHsp70 was similar between wild-type and pam17⌬ mitochondria, the amount of Pam16 and Pam18 recovered with tagged Tim23 was significantly decreased (Fig. 5B and C) . Thus, Pam17 is involved in the association of Pam16 and Pam18 with the TIM23 complex. Pam16 and Pam18 migrate as a distinct PAM subcomplex of about 80 kDa on blue native electrophoresis (BN-PAGE) of digitonin-lysed mitochondria (Fig. 6A, lane 1) (9, 23) . In pam17⌬ mitochondria, the amount of Pam16-Pam18 complex was strongly reduced (Fig. 6A, lane 2) . The total mitochondrial levels of Pam16 and Pam18, as determined by SDS-PAGE, as well as the extractability of both proteins by digitonin were not changed between wild-type and pam17⌬ mitochondria (Fig.  6A, lanes 1 and 2, and data not shown) , indicating that the dissociated Pam16 and Pam18 of pam17⌬ mitochondria migrated out of the separation range of the BN-PAGE. Other translocase complexes analyzed by BN-PAGE were present in both wild-type and pam17⌬ mitochondria, including TIM23 complex, TIM21 complex, TIM22 complex, and TOM complex (Fig. 6A, lanes 5 to 12) . We conclude that the Pam16-Pam18 complex is significantly destabilized in pam17⌬ mitochondria.
The residual Pam16-Pam18 complex in the mutant mitochondria showed the same mobility on BN-PAGE as the wildtype complex (Fig. 6A, lanes 1 and 2) , indicating that Pam17 itself is not a genuine subunit of this complex. Indeed, Pam17 migrated in a BN-PAGE band of about 50 kDa and thus separately from the Pam16-Pam18 complex (Fig. 6A, lane 3) .
To determine if Pam17 was required for the PAM importdriving activity, we analyzed the ⌬-independent motor activity with a two-membrane-spanning preprotein. Since preprotein translocation into the matrix was strongly impaired in pam17⌬ mitochondria, we used the sorted preprotein b 2 (220)-DHFR (47) . In the presence of methotrexate, the folded DHFR remains on the cytosolic side while the cytochrome b 2 portion spans across the mitochondrial membranes and the amino-terminal presequence is cleaved to the intermediatesized form by the matrix processing peptidase (4). Two importdriving activities, ⌬ and the ATP-driven PAM, promote an inward movement of the preprotein such that the DHFR is so closely apposed to the outer membrane that it cannot be removed by externally added proteinase K (9, 40, 46) . To selectively determine the PAM activity, the preprotein was first accumulated across both membranes, and then ⌬ was dissipated by addition of the potassium ionophore valinomycin in the presence of potassium in the medium (4). Upon a second incubation, the protease resistance of intermediate-sized b 2 (220)-DHFR was determined (Fig. 6B, flow diagram) . In wild-type mitochondria, a significant fraction of b 2 (220)-DHFR was not degraded by protease, while in pam17⌬ mitochondria most of the intermediate-sized b 2 (220)-DHFR was degraded (Fig. 6B, quantification) . Thus, Pam17 is required for the import-driving activity of PAM.
DISCUSSION
We have identified a new subunit of the presequence translocase-associated motor of mitochondria. Pam17 migrates like Tim17 on most gel systems and thus has escaped detection in previous studies that characterized the subunits of TIM23 and PAM (4, 7, 9, 10, 21, 30, 31, 45, 48) . We identified Pam17 by use of a high-resolution gel and mass spectrometry and found that it cofractionates with the known PAM subunits, Tim44, Pam16, Pam18, and mtHsp70, upon isolation of TIM23-PAM.
Yeast cells lacking Pam17 show growth defects, and the resulting mitochondria are strongly impaired in import of presequence-carrying matrix proteins. Presequence-carrying preproteins with a hydrophobic stop-transfer sequence, however, can be efficiently inserted into the inner membrane of pam17⌬ mitochondria. This import phenotype is characteristic for subunits of the mitochondrial import motor (9, 21, 31, 45, 47) . Two forces drive protein translocation across the mitochondrial inner membrane, the membrane potential ⌬ and the ATPpowered PAM (17, 25, 32, 43, 46) . By dissipation of ⌬ upon accumulation of a two-membrane-spanning preprotein, we could show that Pam17 is required for the import-driving activity of PAM.
Previous studies showed that the PAM subunits are organized in two distinct subcomplexes, Tim44-mtHsp70 and Pam16-Pam18 (9, 21, 22, 23, 35, 39, 46) . While the Tim44-mtHsp70 complex does not migrate as a distinct band on BN-PAGE (4, 6), the Pam16-Pam18 complex forms a BN complex of about 80 kDa (9) . Pam17 migrates in a separate BN band of about 50 kDa, indicating that PAM consists of three subcomplexes that are all associated with the TIM23 complex. Though Pam17 is not stably associated with the Pam16-Pam18 complex, it plays a critical role in the organization of this complex. In mitochondria lacking Pam17, the BN-stable association of Pam16 and Pam18 is strongly impaired. Moreover, the association of Pam16 and Pam18 with the TIM23 complex is significantly reduced in pam17⌬ mitochondria. Our findings suggest that in pam17⌬ mitochondria the organization of the Pam16-Pam18 complex is disturbed, leading to an impairment of the import-driving activity of PAM.
Tim17 plays a critical role in the association of the various PAM subunits with the TIM23 complex (4 and this study). The association of the stimulatory J-protein Pam18 with the TIM23 complex involves several PAM components. The purified amino-terminal domain of Pam18 that is exposed to the intermembrane space binds to Tim17 in vitro (4) . However, this interaction alone is not sufficient for the stable interaction of Pam18 with the TIM23 complex in organello, since the adaptor protein Pam16 has been shown to be required for the stable association of Pam18 with the TIM23 complex (9, 21) . We show here that Pam17 is required for an efficient association of Pam16 and Pam18 with the TIM23 complex, probably via the role of Pam17 in organizing the Pam16-Pam18 complex. The relevance of Pam17 for Pam18 stability in vivo became evident when pam17⌬ cells were grown at elevated temperature, since under these conditions the steady-state level of Pam18 was selectively reduced. The mitochondrial import motor is thus one of the most complicated Hsp70 systems known. mtHsp70 is a soluble protein of the mitochondrial matrix, and four membrane proteins, Tim44, Pam16, Pam17, and Pam18, are required to coordinate the action of mtHsp70 at the TIM23 complex, i.e., at the exit site for preproteins at the inner membrane. Pam17 is the only one of those proteins that is resistant to an extraction at pH 11.5, indicating that it is firmly embedded in the lipid phase of the inner membrane. This agrees with the presence of two predicted transmembrane segments in Pam17 while the other PAM subunits contain either no or one predicted hydrophobic segment. In summary, Pam17 is an integral protein of the mitochondrial inner membrane required for the stable organization of the Pam16-Pam18 complex that stimulates the activity of mtHsp70 at the presequence translocase. Thus, Pam17 is involved in regulating the activity of mtHsp70 at the preprotein translocation channel of the inner membrane. We conclude that mtHsp70 together with the four membrane-bound co- 
